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Studies on the early life ecology of skipjack tuna, Katsuwonus pelamis,
in the tropical western-north Pacific.

Toshiyuki TANABE"

Abstract The objective of this study is to provide new information on the early life ecology of
skipjack tuna. It is necessary to clarify the recruitment process of the skipjack tuna population
and to establish a basis for stock management in the western Pacific.

In order to collect large number of juvenile skipjack tuna, a new sampling protocol and as-
sociated gear were developed. The midwater trawl net TANSYU had a estimated mouth opening
of (Mmx[Mm, [Mm total length, OTOOMImm mesh size at the body, Omm mesh size at the
codend, and O knots maximum towing speed. A total of (IT] tows was conducted in the tropical
western PacificD00I°N, TOOOT°E from October to December during the years TTTIOOTT,
resulting in the collection of (IT11 skipjack, OO Dmm standard lengthO SLO and OOOTD indi-
vidualsO inds(I0J hr tow. These results indicate the establishment of a new sampling method for
capturing much larger numbers of juvenile skipjack tuna than was possible using the sampling
gear of previous studies. In addition, samples of [(ITTT] other tunas, OO0 Tmm SL, OO indsl
O hr tow, were collected. These results verify that the TANSYU is an effective sampling gear
for juveniles of not only skipjack tuna but also of other tunas and large oceanic fishes.

Juvenile skipjack tuna are widely distributed in the north equatorial current areal NECO the
north equatorial counter current areald NECCO and the boundary area of these two currents.
Vertically, juvenile skipjack tuna appeared mainly from the lower portion of the mixed layer to
the upper portion of the thermocline. The abundance indices, frequency of occurrencel O O and
densityd inds(CJ hr towO were calculated as (D0 and [(Minds hr tow at the NECC, (0O and
O indsdd hr tow at the boundary, and (00 and (10 indsdd hr tow at the NEC. The distributional
pattern of juvenile skipjack tuna was different by year. The characteristics of the horizontal dis-
tribution of juvenile skipjack were as follows. During [ITTJ and 1111, juvenile skipjack tuna
were relatively abundant in the southern area but poor in the northern area. During [ITT], high
concentrations of juveniles in the eastern area appeared. During (ITT1] and [ITT1, wider distribu-
tions with no clear differences between localities were observed. Young skipjack were collected
only from the NECC at night, and were distributed mainly in the lower portion of the mixed
layer.

The vertical distribution of skipjack changed with growth stages. For daytime in the
NECC, larvae at the metamorphosis stage of around [(Tdmm SL are distributed through depths of
O00T0m, and juveniles after metamorphosis of [(NOMmm SL are distributed through depths of
O0O0m. Juveniles of (NOMmm SL are distributed through depths of (DO TIm. Juveniles of
(DOmm SL are concentrated at about (m depth. The vertical distribution of juvenile skipjack is
related to the vertical temperature profile, with a shallower thermocline corresponding to a shallower
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distribution of juveniles and a deeper thermocline resulting in a deeper distribution of juveniles.
The vertical distribution of juvenile skipjack is also related to the distribution of other organisms
sampled. This result indicates that juvenile skipjack are preferentially distributed in the abundant
layers of other organisms collected by the midwater trawl net.

In contrast, other juvenile tuna, Thunnus spp. including yellowfin tuna Thunnus albacares
and bigeye tuna Thunnus obesus are mainly distributed in the mixed layer shallower than about
(Mm depth in the NECC, indicating a clear difference with juvenile skipjack. The physical
charasteristics of distribution area of juvenile skipjack is mainly from (10 to (JC temperature
and from [ to (OMPSU salinity. Those of other juvenile tuna ranged from [IJ to (OC tem-
perature and from [TI00 to [(DIIPSU salinity. These results indicate that skipjack and other tuna
juveniles have habitat segregation in the pelagic ocean of the tropical western Pacific.

The stomach contents of skipjack and other tuna juveniles collected from the NEC and
NECC areas were analyzed. The importance of each organism as a prey of skipjack or other
tuna juveniles was evaluated by the index of relative importance of prey taxd] IRIO. The IRI of
fish larvae for juvenile skipjack was remarkably high, (ITTT] in the NEC and (IITTJ in the
NECC. These data indicate that fish larvae are the principal diet of juvenile skipjack. In the
NEC, Euphausiaced] IRIOITIO, Amphipodd]OIMO, and CopepodddOMOappeared. In the NECC,
Copepodal IRIDO OO CephalopodadMINC Euphausuiaceald[TN and others including Saggi-
toidea, Isopoda, and fish eggsO[MIMN and AmphipodalOMO appeared. Unidentified organisms
comprised the second-highest score of the IRI, M in the NEC and (I in the NECC.
These organisms were consisted mainly of digested fish larvae.

Diel periodicity of feeding activities of juvenile skipjack was studied, based on the temporal
change in the stomach content index( SCI[J stomach fullness, and digestion index. The percent-
age of empty stomachs was (ITJ0 at (DO hours, (00 at (OO0 hours, and decreased rapidly
after sunrise, reaching the minimum score of OO at (DO hoursd before sunsetl] In contrast,
the percentage of full stomachs reached the maximum score of [N at (O] hours, and de-
creased to OO from (1] to [11 hours. The SCI and digestion index also indicated the maximum
score at (O hours in contrast with the minimum score at before sunrise. Therefore, juvenile
skipjack are actively feeding during daytime from morning to sunset, but they do not feed at night.

The stomach contents of other juvenile tuna were characterized by extremely high scores of
fish larvae with no clear difference between the NEC and NECC ;the only occurrences of other
prey organisms were Euphausiacea and Cephalopoda. These data show that other tuna are
stronger piscivourous feeders than skipjack during the juvenile stage. Feeding activities of other
juvenile tuna occur during daytime, similar to skipjack juvenile.

In order to clarify the growth of skipjack during the early life stages, daily otolith incre-
ments were analyzed. Samples from skipjack larvae and juveniles were collected during [TTT] to
(IT. The otolith measurement systemO Ratoc System Engineering Inc., TokyolO was used for
counts of growth increments and measurements of increment width. Daily growth increments
were validated by marginal increment analysis for juvenile skipjack.

Growth rate from larva to juvenile stages of skipjack was studied using the relationship be-
tween body length and the number of daily increments of [(ITTJ individualsOOM to (DMmm SLO
In (M samples from OT1] and OTOO0OM to Omm SLO daily growth rate was slow, O mmlday
at 0 to O days old. In [0 samples from (OITTO0O to [ days oldd daily growth rate rapidly in-
creased to OMMmmlday, and for [(IT] samples from (ITOI00 to (11 days oldd growth was OImm]day.
The estimated length at (1] days after hatching was about (Cmm SL. After metamorphosis from
larva to juvenile at [1J to [1J days after hatching, a period of extremely rapid growth with large
individual variation was observed. Juvenile skipjack growth rates depend on hatching year and
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nursery area. The analyses of distance from core to margin at each otolith increment show that

a larger individual had a faster growth period after 0 days after hatching. A rapid growth in

the early life stage enables the utilization of larger prey organisms, resulting in increased sur-

vival rates in the nursery ground that are nutritionally poor. Consequently, these characteristics

play an important role in maintaining the population level of skipjack in the pelagic ocean of

the tropical western Pacific.
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Fig. 2-1a. A shematic diagram of the midwater trawl net
TANSYUHO that was developed for collecting
juvenile and young skipjack.
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Fig. 2-1b. A shematic diagram of the improved midwater
trawl net TANSYUL.
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Table 2-1. Comparison of characteristics of the towing performances between the midwater
trawl nets TANSYUO and TANSYUO

3 3.5 4 4.5 5 5.5

Towing specd (knot)

TANSYU-2

Y B ey

3 35 4
Towing speed (knot)

Average wet weight of the total samples col-
lected at various towing speeds of the midwater
trawl net. Thick bars indicate average wet
weight of total samplesO thin bars indicate the
standard deviations.
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Table 2-2. Sampling results of skipjack(l SKJO and other tunasd THSO by years using the midwater trawl net TANSYU in
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Table 2-3. Results of the sampling skipjack tuna by depth stratum using the midwater trawl net TANSYU based on the

IOOOT cruises.
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Table 3-1. Occurrences and densities of skipjack tuna at daytime and night by sampling areas during
October to December [TTTIOOTT.

Daytime0ITOOTTI0
oo 0o Occurrence No. indsl0 hr tow mean+ SDO
Areas No. of tow ) ]
Juvenile Young Juvenile Young
NEC [mN] o gm O+ I gm
Boundary nn mm O O+ [0 O
NECC RN m go MM+ [Mm Om

PUNECO north equatorial current areal NECCO north equatorial counter current areal BoundaryO the area
between the NEC and NECC.
BBSampling depths were OO0 TIm, horizontally towed by (Im depth strata.

NightOITOgormg
0o o Occurrence No. indslD hr tow meant+ SDO
Areas No. of tow . .
Juvenile Young Juvenile Young
NEC [mN] o am O+ Mm g
Boundary N mm om O+ (O om
NECC 1 o gm MM+ M g+ gm

91

UUNECO north equatorial current area; NECC: north equatorial counter current areal] BoundaryO the area
between the NEC and NECC.
PHSampling depths were OO m, horizontally towed by (m depth strata.
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Table 3-2. Occurrences and densities of other tuna at daytime and night by sampling areas during Octo-

ber to December (TTTIOTTT.

Daytime T TOOTOO
Occurrence No. indsld hr tow mean+ SDO
Areas™ No. of tow"™ i .
Juvenile Young Juvenile Young
NEC mE| 11.6 O 04+ 1.6 om
Boundary ™ 28.0 om 24+ 8.6 om
NECC o 38.6 om 5.8+ 16.1 om

PUNECO north equatorial current areal) NECCO north equatorial counter current areal BoundaryO the area

between the NEC and NECC.

B0Sampling depths were OO m, horizontally towed by (I0m depth strata.

NightOOTOOO100
0o oo Occurrence No. indsd hr tow meant SDO
Areas No. of tow ) )
Juvenile Young Juvenile Young
NEC mN o Om O+ 0Om (]
Boundary | m g dm+ gm O+ Omm
NECC NN o am O+ [T O+ O

PONECO north equatorial current area; NECC: north equatorial counter current areal] Boundary( the area

between the NEC and NECC.

B0Sampling depths were OO0 m, horizontally towed by [IIm depth strata.
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maximum depth of the thermocline.
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Fig. 3-12a. Horizontal distribution of other juvenileO topO
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goboooooooooboocooobocooboooo
OO0O0000Ma0bOcOdOeOf OO OOOO0
oobooooomoooooobooobog o
ooooooooOoom NIMoOo°E0DODOOO0
ooooooomoOoeE0O0Ooooooooon
oobooomo°NI°EMoooooooocoon
o0bo0ooDO0o0Dm° °NI’E0DO0OODOOOmoOgn
goboooooooooboocooboboooboooo
goboooooooooboocooobocoobooooo
0000D0O0O°NIT°E 00 °NIO°E OMomao O
oooommooogoboooboooooooooo
O0ODO0O0O0OOCDDDOOC°NIDPEOOCNITPEOO
ooboooooOoooboocooooooooooo
oobooocooobDom NOoOOoOooOomeNO
ooboooooooDobooO0oDMeNIO°PEDDO
gobooooomnoooooooomoogon
oooooooo0ooooomooooOonoaomeE O

25N -
Juvenile tunas %0
1993
N | ol1-9
Q1049
2 I5°N
E %
= x®
1 a X% ¥ x
— 1N | o x 0O *® P »
X % K [e]e] 8 0O x
X Xx X XO* . 0:
SN x o] x Q
8}(9 8 8 o oo® * O
¥ Mx O X KX
x x
0 1 1 L
130°E 135°E 140°E 145°E 150°E 155°E 160°E
Longitude
25'N
Young tunas
1993 x0
20°N | o1$
& I5°N -
E o ®
= xx
31wnN | XX x x
x)‘ x LY X X : x x
X XN X x *x O xx
@ ® K x
5N + x X X x x X x ]
x X X = x 0O X
x X x o
x KK x X x oA
x x
0 1 L L L
130°E 135°E 140°E 145'E 150°E 155°E 160°E
Longitude
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Fig. 3-12e. Horizontal distribution of other juveniled topOd
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ern Pacific from October to December [T1T1.
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Fig. 3-13a. Changes in the distribution depth of other tuna
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ONECO area from October to December (ITTI0
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Fig. 4-1. The sampling locations of the TANSYUHO e O
with cruise tracks of RIV Omi Maru for the
stomach content analysis of juvenile skipjack.
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Table 4-1a. Characteristics of juvenile skipjack tuna used for stomach content analysis collected by the midwater trawl net

TANSYU O in the tropical western Pacific during October to December [TT11.
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Table 4-1b. Characteristics of other juvenile tuna used for stomach content analysis collected by the midwater trawl net
TANSYU4L in the tropical western Pacific during October to December [TTT.

Station No. Time Locations Depth No. of Size
O lat., long.O O m0O specimens Omm SLO
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Fig. 4-3. The index of relative importance for each food
item0 IRIO that was calculated by percentage
composition of major food items by number, wet
weight, and frequency of occurrence in the stom-
ach contents of juvenile skipjack. The area of
each rectangle shows an IRI. A, fish larvaeO B,
Cephalopodal] C, Euphausiaceall D, Copepodall E,
Amphipodal F, other prey taxaO G, unidentified
prey.
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Table 4-2. Main prey taxa of juvenile skipjack tuna in the north equatorial current) NECO and the north

equatorial counter currentd] NECCO areas.

NEC area NECC area
OF ON ow IRI OF ON Oow IRI
Fish larvae M M Mm  OIom M M Mm  OIom
Euphausiacea o amm om m om Om o om
Copepoda Om 0m om om 0m (o 0 om
Amphipoda Om om om om om Om om om
Cephalopoda Om om om om om Om Mm Mm
Others 0m om om om om Om om mm
Unidentified [om 0m 0 om o om 0 m

0 FO frequency of occurrence of each food item in the total number of stomachs examinedO O NO per-
centage of number of each food item to the total number of all food items identifiedD O WO percentage
of wet weight of each food item to the total wet weight of all food items identifiedd IRIO index of rela-

tive importance of each prey item[(D O N+O Wk OF.
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Fig. 4-4. Diel changes in the stomach fullness of juvenile
skipjack collected in the tropical western Pacific
from October to December [ITT]. Fullness of
stomach contents is defined as fl, empty0 fl], a
stomach contains few content, an external shape
is slender, and plica mucosas remain large( f1, a
stomach contains a little contents, a round-like
shape, and plica mucosas become smalllf], a
stomach contains many contentsC] a round shape,
and plica mucosas are almost disappeared f1, a
stomach contains full contents, plica mucosas are
completely disappeared, and a thin stomach wall.
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Fig. 4-5. Diel changes in mean values of the stomach
content index O SCI O, stomach fullness ,
and digestion index for juvenile skipjack.
SCD O 1 SCWIBWx 1110 SCW, stomach content
weight] mgO0 BW, wet body weight] mgl. Fullness
of stomach contents is defined as f1, emptyd fJ,
a stomach contains few content, an external
shape is slender, and plica mucosas remain
large0 f1, a stomach contains a little contents, a
round-like shape, and plica mucosas become
smalld] f], a stomach contains many contents, a
round shape, and plica mucosas are almost dis-
appeared f1, a stomach contains full contents,
plica mucasas are completely disappeared, and a
thin stomach wall. Digestion index is defined as
0, shape of prey deformed, unidentifiable to
higher taxalll), shape of prey preserved, but a
part of appendages or capapace are separated,
identifiable to higher taxa(O, fresh prey, not di-
gested.
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Fig. 4-7. The index of relative importance for each food
iteni] IRIOthat was calculated by percentage com-
position of major food items by number, wet
weight, and frequency of occurrence in the stom-
ach contents of other juvenile tuna. The area of
each rectangle shows an IRI. A, fish larvaed B,
Cephalopodald C, Euphausiaceal D, Copepodall

E, Amphipodad F, other prey taxad G, unidenti-
fied prey.
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Table 4-3. Main prey taxa of other juvenile tuna in the north equatorial currentd NECO and the north

equatorial counter currentd] NECCO areas.

NEC area NECC area
OoF ON Oow IRI OF ON Oow IRI
Fish larvae O O Om I O O Om  OIom
Euphausiacea Om 0m om m om Om 0m om
Copepoda Om om om om om Om om om
Amphipoda Om gm om om om Om gm om
Cephalopoda Om 0m om om 0m O 0m om
Others Om om om om om Om om om
Unidentified O om om om M Om om mm

0 FO frequency of occurrence of each food item in the total number of stomachs examinedO U NO per-
centage of number of each food item to the total number of all food items identifiedD O WO percentage
of wet weight of each food item to the total wet weight of all food items identifiedd IRIO index of rela-

tive importance of each prey item[] 0 N+0O Wik OF
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Fig. 4-8. Diel changes in the stomach fullness of other ju-
venile tuna collected in the tropical western Pa-
cific from October to December [TI1T]. Fullness
of stomach contents is defined as {1, emptyO fJ,
a stomach contains few contentd] an external
shape is slender, and plica mucosas remain
large f1, a stomach contains a little contents, a
round-like shape, and plica mucosas become
smalld] f1, a stomach contains many contents, a
round shape, and plica mucosas are almost dis-
appeared(] f1, a stomach contains full contents,
pliuca mucosas are completely disappeared, and a
thin stomach wall.
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Fig. 4-9. Diel changes in mean values of the stomach
content index SCIC] stomach fullness, and
digestion index for other juvenile tuna.
SCIO O [0 SCWIBWx 1110 SCW, stomach content
weighf]l mg[T] BW, wet body weighf]l mgll Fullness
of stomach contents is defined as fJ, emptyO fJ,
a stomach contains few contentd an external
shape is slender, and plica mucosas remain
large f1, a stomach contains a little contents, a
round-like shape, and plica mucosas become
smalld f1, a stomach contains many contents, a
round shape, and plica mucosas are almost dis-
appearedl f1, a stomach contains full contents,
plica mucosas are completely disappeared, and a
thin stomach wall. Digestion index is defined as
0, shape of prey deformed, unidentifiable to
higher taxaOO, shape of prey preserved, but a
part of appendages or capapace are separated,
identifiable to higher taxa(lO, fresh prey, not di-
gested.
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Fig. 4-10. Weight percentage of stomach contents to
body weight for other juvenile tuna.
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stomach contentd mg[T]1 BW, wet body weight
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Table 4-4. Collections of fish larvae as preys of skipjack and other tuna juveniles using by larval net in the tropical
western Pacific during October to December [(I1T1.

North equatorial current area

Station No. Time Locations . No.of larvae
O lat., longO Skipjack Yellowfin Thunnus sp. Others
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Mean g g g (i
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Table 5-1. Characteristics of skipjack tuna used for otolith increment analysis.
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Fig. 5-3a. The light microscopic photographs of the saggital otolith for larval skipjack. The standard
length of the specimens is OMMmmO left0 and OMmmO rightdl The shape of the otolith is a round
at first stage but changes to an oval in a short time and the rostrum appeared in the frontal

side.
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Fig. 5-3b. The light microscopic photographs of the saggi-
tal otolith for juvenile skipjack at [(JMmm SL.
Irregularities on the surface of the otolith in-
crease with growth(]

Fig. 5-4. The light microscopic photographs with the oto-
lith measurement system for juvenile skipjack at
(MMmm SL. The increment width increases from
the core to the margin. Number of the daily in-
crements observed in the specimen is [TJ.
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Fig. 5-3c. The light microscopic photographs of the saggi-
tal otolith for juvenile skipjack at [(JMmm SL.
The shape of the otolith become to be compli-
cated and to be extended along rostrum-
postrostrum  axis.
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Fig. 5-5. The distance from the core to the margin for the
saggital otolith of juvenile skipjack.

gobooooooobooooooooooooon
goboooboooobooooOooOoooooOooboooon
gobooobooooboooooooooooooon
gobooooooooooooDbo O
cooooooooooooocoooooooon
gobooooooobooooooooooboOooon
oobooobooooboooooooooooooon
goboooooooobooooooboooooboooon
oobooomnoonaooodooododm
O0mmOO0OO0COO0OMOOCOOOOCOOOOO0
oobbooobooOmibOOOOO0OD0OMmOOO0O0OO
gobooobooooobooooobooooobooooon
gobooooooobooooooooooooon
MmO OO0OO0OOO0O0OCOODOOOODOCOOOoO
OmOO0O0O0O0O0O0O0COOO0DOOOOOOOOO0O0O
ooboO0obomooooooooDbmMmiMewmd 00O
gobooomooooooooooooooon
gobooooocoobooooooooooboOooon



—
N
\S)

[y
L]
=

[y
=
(=]
I AR W

- U P
e b M

[
=
L L}

> 90 & &
# 9 MWD
»

b
=
—_—

Index of completion (%)

20

Q

000 30 6:00 900 12:00 15:00 18:00 21:00 ¢:00
Time of day

Fig. 5-6. Diel change in the index of completionT CO of the
marginal increment of the saggital otolith for ju-

venile skipjack. € O M Wnl WaonO Wapo OOk (I

Wn, width of the marginal incrementd Wanp,

width of the previous complete increment that

exists inside of the marginal onell Wion, width

of the previous complete increment that exists in-
side of the Wano.

oo0oO0ooooO0o0ooooo0o0ooooooooooo
ooo0ooooo0ooooO0oooooooooooo
00000000 subdaily ring 00 O00OD00OOOO
gogboodgboboobooobooobomooboon
0000omoooooooooooooooooo
ooo0oooo0o0ooooO0oooooooooooo
goboobbooboobobooboonooboon
gd

oboobobooon
ggboboooboobboobooboooboo
gogboogboboobooobobooboooboon
gboooooooboboboboomomg o
ogpooo
ggboboooboobboobooboooboo
gbobobo™@oboooboooobboooooo
gbobobooooobooobobobooooogo
gbobooooooooomoboboooooboog
goboobbooboobbooboonoboon
gogbooboboobooboboobooobooon
gbobobooooobooobobobooooogo
oboboboooooooboobobooboooooon
oooooooboobooboboboobooogo
gogbooboboobooboboobooobooon
gbobobooooobooobobobooooogo
oboboboooooooboobobooboooooon
oboobooocobooboboboobooboooooo
gbobotbommummooooooomobao
gboboooooobobobobooooogo
oboboobooooobooboboboboooooo

gobooobooooboooooooooooooon
goboooboboooboooo

cooooooooooooboomoooooon
0 MMmmbMmmb oo ommo O o o oMo oo
lmmommbobooimmooooooooooon
goooobooboooboobooobooooooobooo
gobooooooobooooooooooooon
MO 000 MmIhmoOoomo 0 0 0Mmmo ang 0o om
oobommbmmboobommoooooooon
gbobobooooooboobobmboooooon
goboooboooobooooooooooooon
gobooooooooomuooooooomooo
00000 ommommob o oMmmb anommo O
goooomoDoommmbboomy o g ommo O
goboooboooomomoooooobmoon
ooooooommodnmooo ommooooo
gobooobooooboooooooooobooboooon
goobooo

gooboboboooooooo
goboooobooboob
gobooboobboobooboboooboon
goooboooboobobooboobobooboon
goobooooOmooobboomoooooon
goobobobomuoobobomooogn
gobooobOobDOooobbOmoboooooo
gbobobomooooboboboboooogon
gooomooooooonoooooogn
gooboobobooooooboobomo oormg o
gooboboboooooooboobobDmoooo
gobooooboobbooboobboobooo
omoooooooooboobobooumooooo

oooooooo
dMO0o0o0Do00DoOOoooDoDoooOmoooooda
JMooo0o0oooDOooDOoO0o0oOmooon
0000000000000 000DbOO0bOOoOdogno
000 ooo0oDoooooooooooooon
0dooobOo0ooooobo0oooooooon
Do oOODooo00oo0oob0O0ob0obooooog
000000000 0DO0DoDo0O0obOOooOOoooon
0 MO0 mMOM MmO 00O M Men IO OO0
O00MmmMTOO0NO0mO 000000000000
000000 0MoMmb 0OO00MO0ooooon
0o o00000O000DomiMmmO 000
mooooooood
0000000000000 0000ORadtkelIIOI0O
J000O0bO0000DO0DO00O0bOO0ObOO0OOn



gbooboobooboooobooooooooboooboo 123

70
. ¥=0.13x - 4,12
£ 60 - z
E R" =097
= 50
2 oag !
&
e 30 -
)
2 20 -
z .
2w : 1994
0 : |
0 100 200 300 400 S0 600
Otolith radius (pm)
70
£ o0 - Y=0;14x-6.83
< 5 - R*=0.96
%" 40
® 30k
< 20 }
8 1995
%10 |
u | 1
0 100 200 300 400 500 600
Otolith radius {pm)
2|
3 y=0.208+2.14 -
g7 R’=0.86
g 6 -
2 5 -
g4
ki &o
3 e 1996
32 o 1997
2 g r
o
0 1 1 . —_—
0 20 40 60 80 100

Otolith radius {um)

Fig. 5-7. Relationship between standard length of skipjack
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by the daily increment analysis for skipjack
tuna.

Table 5-2. Composition of size, age, and birthday for skipjack tuna estimated by the daily increment analysis.
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Fig. 5-11a. Relationship between standard length and num-
ber of increments of sagittal otolith by sam-
pling locations for skipjack tuna in November
to December [ITTT1.
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